Abstract : We have performed Liquid Chromatography-Solid Phase Extraction-NMR (LC-SPE-NMR) analysis for liquid crystalline mixture and elucidated the structures of selected components by NMR spectra. Combining the results of onedimensional 1H experiments as well as homonuclear and heteronuclear twodimensional experiments, we could analyze the molecular structure of the liquid crystal singles whose structure had not been interpretable by mass spectrometry alone.
INTRODUCTION
Liquid crystal display (LCD) devices utilize the anisotropic electro-optical property of the liquid crystalline materials to display the visual information on the screen. In modern LCD devices, a series of digital data are applied to the array of thin film transistors (TFT) fabricated onto a sheet of glass, which controls the electric field across the liquid crystalline materials inside the LCD cells. This Chemical analysis of liquid crystals in LCD devices therefore requires separation step before the structural elucidation of a particular component in the liquid crystalline mixture. Separation and subsequent structural analysis by standard gas chromatography-mass spectrometry (GC-MS) technique is the first-line analytical method for most cases of liquid crystal analysis in LCD. However, there are certain cases that standard GC-MS alone is not enough, particularly if the component of interest cannot be analyzed with gas chromatography or has structure too complex to be analyzed with mass spectrometry. Liquid chromatography-mass spectrometry (LC-MS) can solve part of the problems associated with GC-MS, but for routine application to liquid crystals LC-MS still has many obstacles, including the issues with the ionization of liquid crystal analytes. Electrospray ionization (ESI) method is usually not applicable to most liquid crystals due to the polarity issues.
Recently, atmospheric pressure chemical ionization (APCI) method showed some success for the analysis of liquid crystals in LCD devices. 3, 4, 5 Recently, atmospheric pressure photoionization (APPI) method has been reported to successfully ionize lower polarity liquid crystals. 4 However, there are cases when the structure of the analyte component is not known altogether, in which the component maybe either an impurity or a deliberately incorporated constituent.
Liquid chromatography-nuclear magnetic resonance (LC-NMR) spectroscopy can serve as a more universal alternative when structural analysis for components with limited information is required. 6 However, a few issues need to be solved before hyphenation with liquid chromatography.
First, unlike mass spectrometry, the analytes of interest usually need to be collected from many and the retention times of the peaks were stabilized, the SPE system was programmed to trap the analyte of interest onto the same SPE cartridge (a Spark reverse phase (RP) SPE cartridge for standard 96-well system) using both the retention time and UV detector signal for peak identification.
This preconcentrated analyte was dried overnight to remove the non-deuterated HPLC eluent solvent.
Next, SPE-NMR step was performed by transferring the trapped and dried analyte from the SPE cartridge into the microcoil NMR probe inside the NMR magnet with benzene-d6 (Sigma-Aldrich, USA) as deuterated NMR solvent, after rinsing the microflow NMR probe with the same deuterated solvent and drying it. All of the steps mentioned above were automatically performed with HyStar 
LC-SPE-NMR Analysis of Liquid Crystals
The most notable feature of the spectra is the surprisingly few peaks in the aromatic proton region. Except for the benzene peak at 7.30 ppm and its satellites, the two analytes MS-A and MS-B both showed only one multiplet at 6.6-6.7 ppm. Considering that most organic liquid crystal singles used in LCD's and other applications have multiple aromatic rings connected in series to enhance their anisotropic molecular properties, this spectra feature was quite exceptional as NMR spectrum of liquid crystalline materials. Some liquid crystal singles employ cyclohexane rings in place of benzene rings, but neither MS-A nor MS-B showed characteristics of cyclohexane-only singles in GC-MS analysis. Fig. 2 ) and 1 H-13 C HSQC (of MS-A, shown in Fig. 3 ) experiments were also performed for additional structural information. These twodimensional experiments failed to reveal any additional hidden peaks at the aromatic region, suggesting that the 1 H peaks at 6.6-6.7 ppm are perhaps the only spectral lines in the aromatic proton region for these particular analytes. The aliphatic peaks at < 2.0 ppm still did not provide much structural information yet without the knowledge about the backbone structure of the liquid crystal singles.
A decisive clue about the backbone structure came from the spectral feature of oxygenated carbon-proton peaks in the 1 H-13 C HSQC spectrum. Although it is common to employ ether-like structure in liquid crystal backbones, the GC-MS fragmentation pattern of the two singles significantly deviated from those of the widely used alkoxybenzene-type singles, which usually Although we may have succeeded in suggesting the most probable backbone structures of the previously unknown singles, a full interpretation of the single structure by LC-NMR alone is still a daunting task. One of the major obstacles is the lack on more powerful carbon-backbone assigning tools such as 2D INADEQUATE experiments due to the limited amount of samples. 
